INTRODUCTION
Although Cryptosporidium was initially described in mice in 1907, it was not until 1976 that it was first reported in association with diarrheal disease in humans, one case in an otherwise healthy child and one in an immunosuppressed adult (33, 40, 83, 84, 95) . In otherwise healthy individuals, Cryptosporidium spp. typically cause watery or mucoid diarrhea with abdominal pain that can last several days and occasionally several weeks. Spontaneous recovery is the rule, and there is no effective specific therapeutic agent. The infection is spread in a number of ways: from person to person, from animals, via food, and by water. Cryptosporidiosis is now the most common cause of waterborne disease in the United Kingdom and has been associated with drinking water and swimming pool contact (58) . Although not quite the commonest cause of waterborne outbreaks in the United States, cryptosporidiosis is responsible for one of the largest waterborne outbreaks ever described (73) .
As discussed below, Cryptosporidium causes far more serious disease in certain immunosuppressed individuals. The link between cryptosporidium infection and drinking water has led authorities in both the United Kingdom and United States to issue advice to immunocompromised people to boil their drinking water under certain circumstances (20a, 34) . The United Kingdom guidelines published in 1998 stated that "all water, from whatever source, that might be consumed by immune-compromised persons should be brought to the boil and allowed to cool before use." Unfortunately, the authors did not define what was meant by the phrase "immune-compromised persons." Subsequent advice specified that this meant patients whose T-cell function was compromised and included patients who are immunosuppressed because of human immunodeficiency virus (HIV) infection, children with severe combined immunodeficiency syndrome, and people with CD40 ligand deficiency, also known as hyper-immunoglobulin M syndrome (8) . The U.S. advice is not as prescriptive as the British advice but does suggest that patients with HIV infection may wish to boil water for 1 min or use an appropriate filter (20a) . Since Cryptosporidium oocysts are inactivated within a few seconds at 62°C, it is unclear why water should be boiled for a full minute (54) . This is particularly an issue when one considers the difficulty of keeping many of the modern automatic kettles boiling for a full minute. The risk of scalding to those keeping the kettle switch depressed for the full minute is not in our view justified because safety is not increased. The U.S. authorities have also issued similar advice to patients who have undergone a bone marrow transplant (20) although British authorities have elected not to give this advice.
Despite the relative consensus of opinion regarding the seriousness of Cryptosporidium infection in patients with AIDS and the importance of protecting these patients from infection, there does not seem to be a shared understanding of the risks to other groups of immunosuppressed patients. This paper will examine the impact of cryptosporidiosis in patients with various immunosuppressive conditions so that guidance on which groups need to take steps to reduce the risk of illness can be better defined.
IMMUNE RESPONSE TO CRYPTOSPORIDIOSIS
The host immune response to Cryptosporidium parvum infection is still poorly understood but has recently been reviewed (79, 117) . Many laboratory animals exhibit innate resistance to infection, and much experimental work has tried to determine the specific immune factors responsible for this resistance. The response that normally clears an established infection in a susceptible host probably involves similar mechanisms, but specific immune response mechanisms are probably also important. There is a general consensus that the mechanisms responsible for clearing cryptosporidium from the gastrointestinal tract involve a role for gamma interferon, although the mechanism by which this cytokine imparts resistance is unclear. It is also clear that CD4 T lymphocytes are necessary for the resolution of both acute and chronic cryptosporidiosis. Experimental-infection studies with mice and calves show that immunity is dependent on the number of CD4 T cells increasing within the intestinal intraepithelial lymphocytes and generating gamma interferon Interleukin-12 may play a role, possibly through its ability to induce gamma interferon production (123) . Antigen-driven interleukin-12 production in macrophages requires interaction between CD40 on antigen-presenting cells and CD40 ligand on CD4 ϩ T lymphocytes. No difference was found between cryptosporidiosis in normal and B-cell-depleted neonatal mice, suggesting that antibody production may play a less important role in recovery from infection (115) . The role of CD8 T cells is unclear, but they appear to play a role in controlling infection in mice (117) . Mast cells may play a role in innate resistance in mice (117) . Interleukin-2, tumor necrosis factor alpha, and ␥␦ ϩ T cells are probably not involved in innate resistance to C. parvum, and the role of natural killer (NK) cells remains unclear (117) . The potential importance of gamma interferon has recently been highlighted in several studies. Theodos et al. developed a nonhealing mouse model of infection with a targeted disruption of the gamma interferon (118) . These mice developed an overwhelming infection of the entire gastrointestinal tract and usually died within 2 to 3 weeks; in contrast, healing mice were free of infection by day 30. Mead and You also demonstrated significant differences in survival between mouse strains with and without the ability to produce gamma interferon (82) . In a more recent study in mice with severe combined immunodeficiency (SCID mice), the authors showed that SCID mice remained infected with Cryptosporidium spp. for a long time without ill effect but that those with an inability to produce gamma interferon died rapidly (57) . They suggested that gamma interferon might be important in immunity against secondary infections, and other evidence suggests that it plays a role in innate immunity.
In a study of human volunteers, jejunal biopsy specimens were examined for gamma interferon mRNA (129) . Gamma interferon m-RNA was not detected prior to challenge with Cryptosporidium spp. but was detected in samples from 13 of 26 people after deliberate infection. After infection, the gamma interferon mRNA was more commonly found in volunteers with preexisting antibody and in those who did not shed oocysts in the feces. It was suggested that gamma interferon played a more important role in the secondary rather than the primary infections.
CRYPTOSPORIDIOSIS IN PATIENTS WITH HUMAN IMMUNODEFICIENCY VIRUS INFECTION Epidemiology
A number of studies have investigated the prevalence and epidemiology of cryptosporidiosis in patients with HIV infection. The results of the studies investigating the prevalence of cryptosporidiosis in HIV-positive patients with diarrhea have presented estimates that differ quite markedly from one another, ranging from 0 to 100% with a median of 32% (2, 4, 5, 10, 11, 14, 31, 39, 41, 53, 65, 71, 78, 85, 90, 108, 121, 124) . It is not clear how much these differences may be explained by differences in study design, geographical location, population group, sensitivity of laboratory methods, or stage of disease. Nevertheless, it would appear that the prevalence of carriage Cryptosporidium spp. oocysts in the absence of diarrhea is very low (5) . There have been rather fewer studies that have attempted to define an overall prevalence in HIV-positive individuals, irrespective of whether they have diarrhea. In Europe, cryptosporidiosis seems to affect about 6.6% of HIV-positive individuals (98) . A slightly earlier U.S. study in Los Angeles found an overall rate of 3.8% of individuals to be positive during the study period (112) .
The risk of infection increases in more profoundly immunosuppressed persons, as measured by the CD4 ϩ T-lymphocyte counts (93, 111) . Various social and behavioral factors also increase the risk of infection. For example, in a large multicenter European study the risk of cryptosporidiosis was significantly lower for intravenous drug users than for homosexual men (relative risk, 0.34; 95% confidence interval, 0.22 to 0.54) and for women than for men (relative risk, 0.43; 95% confidence interval, 0.21 to 0.87), suggesting that sexual behavior may be an important risk factor (98) . The importance of sexual behavior as a risk factor was also identified in a large U.S. study, where the prevalence of cryptosporidiosis was higher in persons whose suspected HIV exposure category was through sexual contact (3.9%) than among persons in other HIV exposure categories (2.6%; P Ͻ 0.01) and in immigrants from Mexico (5.2%) than in American-born patients (3.8%; P Ͻ 0.01). Blacks (2.7%) were less likely than whites (4.1%) and Latinos (4.2%) to be reported with cryptosporidiosis (P Ͻ 0.001) (112) . In another study, HIV-positive patients who owned dogs (but not other pets) also seem to be at increased risk of infection (odds ratio, 2.19; 95% confidence interval, 0.9 to 5.3; P ϭ 0.05) (49).
Caputo et al. undertook a cross-sectional serological survey of HIV-positive individuals to look for anti-cryposporidial antibodies (19) . They reported that an increased serological response to one or more antigens was related to a number of sexual practices such as having had sex within the past 2 years, having multiple partners during that time, having anal sex, and attending a spa or sauna.
Nosocomial outbreaks of cryptosporidiosis have also been described. For example, an outbreak in a hospital in Copenhagen affected some 18 HIV-positive patients (102) . The source of the outbreak was identified as ice from an ice machine in the ward, contaminated by an incontinent psychotic patient with cryptosporidiosis who was using his hands to pick out ice for cold drinks. More recently, Bruce et al. conducted a retrospective cohort study of transmission between room-mates in a hospital setting (15) . They were able to identify 37 HIV-positive patients who had shared a hospital room with 21 Cryptosporidium-positive index patients and matched them to other HIV-positive individuals with a similar CD4 count but who had not shared a room with a Cryptosporidium-positive patient. None of the 37 exposed individuals became infected, and one of the unexposed controls became infected, suggesting that person-to-person transmission may not be common. However, extrapolation of this experience to other health care settings with different infection control practices may be difficult.
Molecular epidemiology of Cryptosporidium isolates has proved useful in determining sources of infection (81) . There have been too few studies on the prevalence of different genotypes of Cryptosporidium in HIV-infected patients to date to draw firm conclusions. One American study characterized 13 strains from people with AIDS and found that 10 were C. parvum type 1 (the human type) and 3 were C. parvum type 2 (the calf type) (130) . A subsequent American study found that 5 of 10 AIDS patients were infected by C. parvum genotype 1 and 1 was infected by C. parvum genotype 2 and the remaining isolates were other species (see below) (101) . A study of Cryptosporidium isolates from HIV-infected patients from Kenya, Switzerland, and the United States found that of 22 isolates examined, 6 were genotype 1, 8 were genotype 2, and 8 were non-parvum strains, including C. meliagridis (89) . The genotypes commonly found in humans are C. parvum genotypes 1 (the human strain) and 2 (the calf strain), although C. meliagridis and an as yet unnamed dog strain have been described (100, 131) . Although C. parvum genotype 1 strains seem to predominate in AIDS patients in North America, it is unclear whether this represents increased person-to-person transmission.
In addition to being at increased risk of infection by C. parvum, patients with AIDS have been reported to be infected with other Cryptosporidium spp. Xiao et al. found nine nonparvum species of Cryptosporidium: C. wrairi, C. meleagridis, C. saurophilum, C. felis, C. baileyi, C. muris, C. andersoni, C. serpentis, and C. nasorum (131) . In the American study mentioned above, 3 of 10 isolates from AIDS patients were C. felis and 1 was an unnamed Cryptosporidium sp. similar to one previously isolated from a dog (101) . In the study from Kenya, Switzerland, and the United States, it was found that of 22 isolates examined 6 were C. felis and 2 were C. meleagridis (89) . Ditrich et al. reported an infection in a patient which they identified as due to C. baileyi, normally a parasite of birds (35) . However, this organism was later shown to be antigenically different from C. baileyi (36) . Recent work in the United Kingdom showed that the feces from six HIV-positive individuals yielded C. parvum (two patients), C. felis (two patients), and C. meleagridis (two patients) (99; J. McLauchlin, personal communication). In 23 other immunosuppressed patients, of whom 7 were CD40 ligand deficient, 19 had C. parvum and 4 had C. meleagridis; of these, 8 had a mixture of genotypes (McLauchlin, personal communication). While isolates of non-parvum species from humans may be genetically very similar to isolates from animals and birds, there is limited evidence of crossinfectivity (100). Although it was originally thought that nonparvum species were restricted to AIDS patients, recent evidence has shown that these species can also infect immunocompetent individuals (22, 99, 100, 132) .
From the discussion above, it is clear that HIV-positive patients, particularly those with AIDS (as measured by a low CD4 count), are at increased risk of being infected with cryptosporidiosis. This risk is increased when individuals engage in high-risk sexual behavior. The high prevalence of Cryptosporidium spp. in AIDS patients is probably related to an increased risk of acquiring infection from infected contacts and prolonged excretion, which in turn increases the risk of subsequent transmission. AIDS patients also seem to be more commonly infected with Cryptosporidium spp. other than C. parvum than do immunocompetent individuals. In the four studies on isolates from AIDS patients discussed above, a total of 51 isolates were identified of which 14 were non-parvum (27.5%; 95% confidence interval, 15.9 to 41.7%), considerably higher than found in typing isolates from the general population (89, 99, 101, 130) . This suggests that different risk factors and transmission routes may be involved in non-C. parvum infections relative to C. parvum. Immunodeficiency may also alter the host susceptibility to Cryptosporidium species that are not normally infectious to humans.
Clinical Features
Blanshard et al. described the various presentations of cryptosporidiosis in HIV-positive patients in London (13) . In this population, cryptosporidiosis was diagnosed in some 5% of all patients with HIV infection and 21% of patients with AIDS. The authors studied the course of infection in 128 patients. Transient infections were found in 28.7% and were more common in the less strongly immunosuppressed patients. Fulminant disease, the passage of more than 2 liters of stool/day, affected 7.8% of patients but only those with a CD4 count less than 50/mm 3 . Chronic disease was present in 59.7% of patients, and 3.9% of infections were asymptomatic. Patients with fulminant disease survived for a median of only 5 weeks, compared with 20 weeks for those with chronic diarrhea and 36 weeks for those with transient infection.
A second study from London investigated the outcome in 38 HIV-positive patients with cryptosporidiosis (80) . Of these 38 patients, only 11 (29%) experienced a clinical remission. Remission had a major impact on survival. The patients who experienced remission had a median survival time of 66 weeks compared to only 11.5 weeks for the nonremission group (P ϭ 0.001). The median lymphocyte count of the remission group was significantly higher than that of the nonremission group (1,100 ϫ 10 6 and 550 ϫ 10 6 /liter, respectively; P ϭ 0.003). A few years later, U.S. workers also described four clinical syndromes, similar to but slightly different from those found by the British group: chronic diarrhea (affecting 36% of patients), cholera-like disease (33%), transient diarrhea (15%), and relapsing illness (15%) (75) . Infected patients had a significantly shorter duration of survival from the time of diagnosis than did Cryptosporidium-negative AIDS patients (240 and 666 days, respectively; P ϭ 0.0004). Survival was independent of sex, race, or injection drug use. Interestingly, antiretroviral use was protective against disease (odds ratios, 0.072; P ϭ 0.0001).
Italian workers investigated the particular outcome of Cryptosporidium infection in children with HIV infection (53) . A total of 35 children were examined every 2 months and, if found to have diarrhea were tested for Cryptosporidium; 5 (14%) were positive, 4 of whom recovered spontaneously. All five positive patients had AIDS. Diarrhea in those found to be Cryptosporidium positive was much more protracted than in those with diarrhea due to other causes.
One study has shown that prognosis is independently related to two factors measured at the time of Cryptosporidium diagnosis: CD4 count of Յ53 cells/mm 3 versus Ͼ53 cells/mm 3 (relative hazard, 6.18; 95% CI, 2.99 to 12.76) and hematocrit of Յ37% versus Ͼ37% (relative hazard, 2.27; 95% CI, 1.22 to 4.22) (29) . The median survival in the subgroup with a CD4 count of Ͼ53 and hematocrit of Ͼ37% was 1,119 days compared to only 204 days in the subgroup with a CD4 count of Ͻ53 and hematocrit of Ͻ37%. This study also showed that an initial AIDS-defining diagnosis of cryptosporidiosis was a poor prognostic factor compared to other possible diagnoses (relative hazard of death, 2.01; 95% CI, 1.38 to 2.93).
One aspect of chronic cryptosporidiosis in patients with AIDS is the large weight loss that many experience. One study from France reported that the severity of weight loss in such patients is independently associated with levels of nutrient intake (P Ͻ 0.005) and high stool frequency (P Ͻ 0.01) but not with nutrient malabsorption (12) .
As well as developing a more severe form of typical gastrointestinal disease, people with HIV infection can develop atypical disease presentations, affecting body systems not usually affected in immunocompetent individuals. Some of these unusual presentations are discussed below.
Atypical gastrointestinal disease. In a review of the literature published in 1997, the authors were able to identify only 16 cases of gastric cryptosporidiosis (127) . Despite this, gastric involvement is probably more common than was previously realized, but detection is difficult because diagnosis requires upper gastrointestinal tract endoscopy. In an endoscopic study of 71 patients with AIDS and chronic diarrheal illness or other gastrointestinal disorders of unexplained origin, 24 individuals were positive for cryptosporidiosis. Of these 24 patients, 16 (67%) had parasites in the gastric epithelium (104) . Few of the patients reported any symptoms that could be correlated with this gastritis, and the authors concluded that there was no clear correlation between gastric colonization and related clinical and pathological features. One particularly problematic complication of gastric involvement is antral narrowing and gastric outlet obstruction (21, 45, 59, 91) . Such gastric outlet obstruction can lead to nausea and vomiting and eventually may cause a severe reduction in nutrient intake.
A further unusual complication of cryptosporidiosis in AIDS patients is pneumatosis cystoides intestinalis (30, 106, 109) . Pneumatosis cystoides intestinalis is characterized by the presence of thin-walled, gas-containing cysts in the intestinal wall. Sometimes these cysts can rupture, resulting in a pneumoretroperitoneum and pneumomediastinum.
There is a case report of cryptosporidiosis affecting the esophagus in a 2-year-old child and resulting in vomiting and dysphagia (64) . Finally, there is also a case report of Cryptosporidium infection causing appendicitis (96) . The diagnosis was confirmed histologically after an appendectomy was performed.
Biliary tract disease. Cholangitis, and particularly sclerosing cholangitis, is an important complication of AIDS. Although not appearing to adversely affect survival, the disease can be a cause of significant pain (43) . Of 20 patients suffering from cholangitis in a British study, 13 had cryptosporidiosis. In a Spanish study of 43 AIDS patients with chronic diarrhea due to Cryptosporidium infection, 8 patients (18.6%) were reported to have Cryptosporidium infection of the common bile duct (71) .
Following the waterborne outbreak of cryptosporidiosis in Milwaukee, Vakil et al. reported that of 82 patients, believed to have become infected at the time of the outbreak, 24 (29.3%) reported biliary symptoms (126) . The presence of biliary symptoms was a strong indicator of the prognosis since 83% of patients with symptoms died within the following year compared to only 48% of those without. In our view, it is doubtful that this difference was due directly to the biliary involvement but is more likely to reflect the point that more severely immunocompromised persons are more likely to experience biliary involvement.
Pancreatitis. A series of 15 autopsies on patients with AIDS and cryptosporidiosis showed that five had evidence of infection of the pancreas (50) . Histological changes were generally mild and were limited to hyperplastic squamous metaplasia. Three people with AIDS presented with acute or chronic pancreatitis related to cryptosporidiosis (17) . All three patients had abdominal pain resistant to analgesics, increased serum amylase levels, and abnormalities at both sonography and computed tomography. Endoscopic retrograde cholangiopancreotography revealed papillary stenosis in all three patients. It is difficult to assess the impact of cryptosporidiosis-related pancreatic disease. Certainly, the first study does not suggest significant morbidity due to Cryptosporidium in the pancreas.
Respiratory tract disease. In the study from Spain mentioned above, 7 of 43 patients (16.3%) with chronic diarrhea due to Cryptosporidium had Cryptosporidium oocysts detectable in the sputum (71) . Of these seven patients, five had respiratory symptoms and an abnormal chest radiograph; Mycobacterium tuberculosis was isolated in two of the five, and M. avium was isolated in another two. The remaining two patients had no respiratory symptoms and normal chest radiographs. An additional case series of five patients with respiratory cryptosporidiosis, all of whom had respiratory symptoms, was reported from Spain (27) . Again, another respiratory pathogen was isolated in four patients (M. tuberculosis in two, M. fortuitum one, cytomegalovirus and Pneumocystis carinii in one). This latter group also reviewed literature published to that point and were able to identify some 57 patients with respiratory cryptosporidiosis, 40 of whom had another pathogen detected. Given the difficulty in diagnosing many respiratory pathogens, it is not clear to us how relevant respiratory disease secondary to cryptosporidiosis is in the prognosis of and symptoms associated with AIDS. Neither of the papers discussed above can be taken to show that cryptosporidiosis causes respiratory disease.
Dunand et al. reported on 5 of their own cases and reviewed 14 other cases of parasitic sinusitis in HIV-positive patients from the literature (37) . Symptoms often included fever and chills in addition to local tenderness and discharge. Although the prognosis was frequently poor, this was due to other complications of HIV infection.
Therapy
There have been a large number of studies aimed at developing a satisfactory therapy for cryptosporidiosis, particularly in patients with AIDS. Although several agents have been found to have some activity (most notably macrolides such as spiramycin and clarithromycin, the aminoglycoside paromomycin, and ionophores such as Lasalocid and maduramycin), results have been mixed (52, 55, 122) . In part because of the failure of other therapeutic approaches, there have been several attempts at passive antibody-based immunotherapy for cryptosporidial infections (32) . These have also had limited success. One therapeutic intervention that has a dramatic effect on cryptosporidiosis in AIDS patients is antiretroviral therapy leading to recovery of the CD4 count. In one study of two patients with cryptosporidiosis, both were free from the parasite within 24 weeks after starting antiretroviral therapy (44) . This finding was confirmed in another, larger study, where all patients taken antiretroviral agents showed clinical recovery (74) . Two patients subsequently relapsed after the therapy, was stopped. The authors noted that resolution of the diarrhea seemed to be related to an increased CD4 ϩ cell count rather than to the viral load. Furthermore, at least one clinic has noted a decrease in problems related to cryptosporidiosis in their AIDS patients since the onset of the widespread use of protease inhibitors (68) ; and eradication of infection in people on highly active antiretroviral therapy has also been observed (87) . These findings give further support to the observation that it is cellular immunity that is of paramount importance in clearing Cryptosporidium infection.
CRYPTOSPORIDIOSIS IN OTHER IMMUNOSUPPRESSED INDIVIDUALS

Primary Immunodeficiency Diseases
The primary immunodeficiencies are uncommon or rare inherited defects in one or more aspects of the body's immune mechanisms. These diseases and their genetic causes have been reviewed elsewhere (6, 110) . Many different primary immunodeficiency diseases have been described, although most can be classified into one of a few categories: the combined immunodeficiencies, which affect both T and B lymphocytes; the predominantly antibody deficiencies; the complement deficiencies; and the defects in phagocyte number and function.
There are far fewer case reports or other investigations of cryptosporidiosis in these patients compared to those of HIVrelated disease. However, this may simply reflect the much smaller number of cases available for study. Indeed, most of what we can infer about the clinical progression of cryptosporidiosis in these patients comes from a few case reports. Because of this, we can infer hazard but cannot really develop a clear understanding of risk and the likely prognosis of disease.
Probably the most serious immunodeficiency, from the point of cryptosporidiosis risk, is severe combined immunodeficiency syndrome. Kocoshis et al. described small intestinal and pulmonary cryptosporidiosis in an infant with severe combined immunodeficiency (67) . The patient died in the fifth month of his illness despite receiving parenteral alimentation and undergoing thymus transplantation. His clinical course was similar to that of other patients with fatal immunodeficiencies and cryptosporidiosis. In addition, extraintestinal sites were affected. Autopsy demonstrated Cryptosporidium affecting the epithelium of the small intestine, pancreatic duct, and bronchioles.
Protracted cryptosporidiosis was also reported in a patient with selective immunoglobulin A, and Saccharomyces opsonin deficiencies (60) .
X-linked hyper-immunoglobulin M syndrome, once considered a clinical variant of hypogammaglobulinemia, is a severe immunodeficiency with significant T-cell impairment and mutations in the CD40 ligand gene. The disease has a high mortality rate, and the clinical and immunologic features of 56 patients with this condition have been presented (56, 69) . Chronic diarrhea and liver involvement (both often associated with Cryptosporidium infection) were common.
Gomez Morales et al. reported a protracted infection in a child who had become unwell in the second week of life, with chronic intractable diarrhea and significant weight loss (51) . Initial immunological assessment excluded HIV or primary immunodeficiency syndrome. However, further analyses suggested gamma interferon deficiency.
Cryptosporidiosis in Patients with Malignant Disease
There have been several studies investigating the epidemiology and prognosis of Cryptosporidium infection in patients with malignant disease. For example, Tanyuksel et al. reported on a study, done in Turkey, of 106 fecal samples from patients with diarrhea and various cancers (116) . Cryptosporidium oocysts were detected in 18 (17.0%), of these 106 patients. The authors found no oocysts in samples from 60 cancer patients without diarrhea. A similar study of 560 patients with cancer and diarrhea in India found oocysts in 7 patients (1.3%) (113) . Of these seven patients, five had hematological cancers.
Two studies have investigated the prevalence of Cryptosporidium in children with cancer. The first, from New South Wales, investigated 149 stool samples from 60 children with cancer and diarrhea and found none to be positive (16) . By comparison, 13% of stools from non-oncology patients were positive. The second study was performed in Malaysia, where Cryptosporidium was found in 2% of children (86) .
Three of the four studies mentioned above were in tropical countries, and their relevance to the industrialized western nations is unclear. Nevertheless, the evidence would appear to indicate that Cryptosporidium does not pose a particularly special risk to cancer patients generally. The exception to the rule seems to be leukemia and other hematological malignancies.
Cryptosporidiosis does seem to cause unusually severe infection in children with leukemia. Stine et al. described severe diarrhea in a child with acute lymphocytic leukemia, although the child recovered (114). Lewis et al. described a relapsing course of infection in a child with acute lymphoblastic leukemia (70) . One small series of six cases in children with acute leukemia or lymphoma showed that two patients died with evidence of persistent infection (42) ; the remaining four recovered after chemotherapy regimens were modified.
A paper from Italy reported the progress of 20 patients with cryptosporidiosis, all of whom also had a hematological malignancy and were receiving chemotherapy and some of whom had also undergone bone marrow transplantation (47) . Most of the patients were adults. Of these patients, 5 had severe diar-rhea, 10 had moderate diarrhea, and 5 were asymptomatic carriers of Cryptosporidium spp. Extraintestinal cryptosporidiosis with pulmonary involvement was observed in one patient who subsequently died from intractable cryptosporidiosis and Candida infection. The remaining patients recovered, although four relapsed. Asymptomatic carriage of Cryptosporidium has been reported in two patients with leukemia (46) . Respiratory involvement has also been described by others (119, 128) .
The recent years have seen a dramatic increase in the use of bone marrow transplantation to treat leukemia and other hematological malignancies. In the series of 20 patients described above, 11 had undergone an allogeneic or autologous bone marrow transplantation (47) . In general, there was no difference in severity between those that had or had not received such transplantation for their underlying disease. Nevertheless, there has been some interest in the risk of cryptosporidiosis in patients during or after bone marrow transplantation. In addition to that described above, there have been several reports in the literature of particularly severe diarrhea in patients during or after bone marrow transplantation. Gentile et al. described two such patients with profuse diarrhea (47), as did Manivel et al. (76) Pulmonary cryptosporidiosis has also been described (66, 92) . Two of the three patients described in these two papers died as a result of their infection; the third patient survived after intensive therapy. There has been a description of one outbreak of cryptosporidiosis in a bone marrow transplantation unit (77) .
Cryptosporidiosis in Patients following Solid-Organ Transplantation
Cryptosporidiosis has been found in children after liver transplantation (18, 48, 125) . In a study from Belgium of 461 children following liver transplantation, 3 developed diffuse cholangitis associated with intestinal Cryptosporidium carriage (18) . All three required reoperation on the bile duct anastomosis, but biliary cirrhosis developed in one patient, requiring retransplantation. In a retrospective study from Pittsburgh, four cases of cryptosporidiosis were identified in some 1,160 nonrenal, abdominal organ transplant recipients, all children (48) . Three of these four occurred in patients receiving liver transplants, and one occurred following a small bowel transplantation. All four patients spontaneously resolved their infections.
Cryptosporidiosis has been described in renal transplant patients by several authors, although the disease does not appear to be unusually severe or involve extraintestinal sites (28, 103) . A Brazilian study compared the frequency of infection by C. parvum in two groups of renal transplant recipients on immunosuppressive therapy. One group consisted of 23 individuals with renal transplants, and the other consisted of 32 patients with chronic renal insufficiency, who periodically underwent hemodialysis. A third group of 27 patients with systemic arterial hypertension, not immunosuppressed, was used as a control. The results showed frequencies of C. parvum infection of 34.8, 25, and 17.4% for the transplant recipients, the patients undergoing hemodialysis, and the control group, respectively. Statistical analysis showed no significant differences among the three groups (26) . Contrary to this view was a study from Turkey which examined 115 fecal specimens from 69 renal transplant recipients and 42 fecal specimens from 42 control patients (97) . Of the 69 transplant recipients, 13 (18.8%) had Cryptosporidium spp. in at least one fecal specimen, and the rate was significantly higher in the renal transplant recipients than in the control group (P Ͻ 0.05), although multiple samples were taken from the renal transplant group and not the other. The authors used antiparasitic drugs in 16 symptomatic patients, all of whom improved, although whether this was as a result of therapy is not clear.
Malnutrition
Cryptosporidiosis is more common and more severe in malnourished children. One early study from the West Indies reported on the investigation of 513 stool samples, of which 77 were from malnourished children (72) . Cryptosporidium was detected in 25 (4.9%) of 513 samples and in 15 (19.5%) of the 77 samples from malnourished children. All the malnourished children with cryptosporidiosis were admitted to hospital, where they presented with dehydration (87%), vomiting (93%), fever (100%), and diarrhea (100%) which lasted an average of 15.3 days. Two of these children died. Of the 10 cases of cryptosporidiosis in well-nourished children, only 20% of the children presented with dehydration, 40% presented with vomiting, and 50% presented with fever. Diarrhea was also less prolonged, and only four patients were admitted to hospital; all survived.
Many groups have also reported the higher prevalence of cryptosporidiosis in malnourished children. In a study from Israel, Cryptosporidium was detected in 30 (13.5%) of 221 children admitted to hospital with diarrhea (105). In 77 outpatients with diarrhea, Cryptosporidium was detected only in 4 (5.2%). Outpatients were better nourished than inpatients. Children with Cryptosporidium-positive stools were significantly more malnourished than children in whom Cryptosporidium was not detected. Neira et al. reported a study of cryptosporidiosis in malnourished children (94) . The prevalence in the children at the Nutritional Recovery Center (the most severely malnourished individuals) was 8.5%, and the prevalence at an ambulatory undernourished center (less severely malnourished children) was only 1.9%. A case-control study of Peruvian children admitted to hospital with diarrhea sought to determine the clinical differences between children with and without cryptosporidium (107) . There were 24 case-control pairs. The only significant difference was that children with cryptosporidiosis were significantly more likely to be malnourished. It was also noted that two severely malnourished children with cryptosporidiosis died. In a study from India, Cryptosporidium was identified in 13 of 100 children with diarrhea, of whom 6 (46%) were malnourished (61) . The same study found Cryptosporidium in 7 of 50 children with chronic diarrhea, 6 (86%) of whom were malnourished. In a study in Gabon, the carriage rate in children with malnutrition was 31.8%, almost twice that found in adequately nourished children (16.8%) (P Ͻ 0.01) (38) . A study in Mexico also showed an increased risk of cryptosporidiosis in malnourished children, especially when those children were not being breast-fed (63) . In a study of 55 HIV-negative children with acute diarrhea in Tanzania, 7 were positive for Cryptosporidium infection, and all 7 were malnourished (20) .
However, these studies that show increased carriage of cryptosporidiosis in malnourished children do not distinguish between cause and effect. Given that cryptosporidiosis causes diarrheal disease, the infection may push children into the malnourished state rather than malnourishment being a risk factor for cryptosporidiosis. This hypothesis is supported by a study of a cohort of 1,064 children from Guinea-Bissau (88) . Children who developed cryptosporidiosis were no different in weight or height before the infection than were children who did not. However, boys and girls who developed cryptosporidiosis lost 392 and 294 g, respectively, on average, and this weight loss, relative to their peers, was not caught up during the period of the study. Other studies have also demonstrated the long-term impact on subsequent growth of individuals with symptomatic and asymptomatic cryptosporidiosis (3, 24, 25) .
A point prevalence survey was done on 205 institutionalized orphans up to 61 months old in Bangkok, Thailand (62) . Cryptosporidium was identified in 17 children (8%), Giardia lamblia was identified in 42 (20%), and 3 children (1%) harbored both parasites. Diarrhea was present in 36% of children with Cryptosporidium alone, 10% of those with G. lamblia alone, and 20% of those with neither parasite. Chronic nutritional status (height/age) was similar in all groups, but acute nutritional status (weight/height) was lower in children with Cryptosporidium infection (Z score ϭ Ϫ1.39 Ϯ 0.13 [mean Ϯ standard error of the mean]) than in children with G. lamblia infection (Z score ϭ Ϫ0.56 Ϯ 0.26) or neither parasite (Z score ϭ Ϫ0.78 Ϯ 0.13; P ϭ 0.05).
The study from Bangkok would suggest that cryptosporidiosis is a major factor in the causation of acute malnutrition rather than malnutrition being a risk factor for cryptosporidiosis. However, the results of all the studies are still conflicting on this issue and the relationship between malnutrition and cryptosporidiosis is more complex than it first appears. What is obvious is that Cryptosporidium infection has an effect on growth and this is likely to be more severe in children who are already malnourished. Such children also seem to be more at risk of death or prolonged illness.
Diabetes
There are reports of three patients with diabetes suffering chronic diarrhea due to cryptosporidiosis (23, 120) . However, given the many people living with diabetes in the world, one would expect to have seen many more reports of severe disease in this group if diabetes patients are at increased risk of severe cryptosporidiosis. Indeed, one study from Egypt reported that of all patient groups examined, the prevalence of cryptosporidiosis was lowest in those with diabetes (1).
CONCLUSIONS
It is now well known that people who are immunosuppressed secondary to HIV infection are at higher risk for Cryptosporidium infection and that carriage of the parasite is associated with diarrheal disease in most cases. Furthermore, in those with diarrhea, the disease is much more severe and prolonged than in otherwise healthy individuals. There is good evidence that risk of fecal carriage, severity of illness, and development of unusual complications of cryptosporidiosis are directly related to the CD4 count (13, 29, 74, 93, 111) . It would appear from these studies that patients with CD4 counts of less than 50 are at greatest risk for both severity of disease and prolonged carriage. However, behavioral factors such as sexual activity (most particularly having multiple sexual partners and engaging in anal sex) also play a significant role in the increased prevalence of infection in HIV-infected patients (19, 49, 98) . From the cumulative evidence presented in this review, it is clear that advice to patients with AIDS on how to avoid infection, including the potential benefits of avoiding unboiled tap water, contact with young animals, and swimming, is extremely important.
What is not clear is the need for such advice in HIV-positive patients who are not immunosuppressed due to early disease or antiretroviral therapy. There is little evidence that HIVpositive patients with a CD4 count of over 200/mm 3 suffer much more severe or prolonged disease than do HIV-negative individuals. The major concern in this group is whether an infection, if acquired when the CD4 count exceeds 200/mm 3 , will not be cleared and may relapse once the patient becomes immunocompromised. The report of relapse in two patients by Maggi et al. would support this hypothesis (74) . However, given the ubiquitous nature of Cryptosporidium spp., it is not clear whether these represent relapse or reinfection. However, if it is found that relapse is common in HIV-positive patients once they become immunosuppressed, then all HIV-positive patients should be advised to take precautions. This is an issue that needs to be investigated as a matter of priority. On the available evidence, we would support the need for HIV-positive people with CD4 counts of less than 200/mm 3 , but not other HIV-positive individuals, to boil their drinking water.
The issue in HIV-negative individuals is even more uncertain. Although there are relatively few studies in patients with primary immunodeficiencies, it would appear that the risk is largely limited to those individuals with impaired T-cell function (56, 67, 69) . In malignant disease, the same appears to be true, with the risk of severe disease being limited largely to children with acute leukemia and lymphoma (42, 46, 47, 119, 128) . Interestingly, bone marrow transplantation does not seem to confer any additional risk over that of the underlying disease (47) . Although there have been a number of papers investigating the impact of cryptosporidiosis following solidorgan transplantation, their conclusions have been somewhat contradictory (18, 28, 48, 103, 125) . Whether this is due to differing degrees of immune-suppression is unclear.
The conclusions that can be drawn from all these reports is that cryptosporidiosis is unlikely to be more serious than normal except in individuals with impaired T-cell function equivalent to a CD4 count of less than 50/mm 3 . This is the case whatever the cause of the impairment, whether it is inherited or due to HIV infection, other disease, or therapy. Such patients should be advised about the need to avoid the risk of cryptosporidiosis as far as possible. If the period of immunosuppression is likely to be short-lived, then rigorous protection may not be indicated, since the illness will resolve as the immune status recovers. From the evidence reviewed in this paper, we would conclude that people with a primary immunodeficiency affecting T cells should take additional precautions, including boiling drinking water, avoiding contact with young pets, and avoiding swallowing water while swimming. Children with acute leukemias should also be similarly advised. How-ever, we do not consider that there is any real value in advising other people with malignant disease or organ transplant recipients to boil water.
